Abstract: The ASCE's body of knowledge for the 21st century and vision for civil engineering in 2025 outline skills and capabilities necessary for civil engineers to create a sustainable world. An undergraduate course at Georgia Institute of Technology introduces undergraduates to a systems-sustainability approach to civil and environmental engineering, applying systems methods to analyze decisions over the life cycle of large-scale civil-engineered facilities. This paper discusses voluntary and systematic improvements introduced in the course over a 2-year period to develop research and information skills in the students. A workshop on information sources and skills was developed, offered and assessed over multiple semesters using a team-based course project. The term project requires students to select one or two large-scale civil-engineered facilities, evaluate them using the integrated systems-sustainability framework presented in the course, and develop a written report and oral presentation to present their work to their peers at the end of the semester. The paper discusses integration of the information and library skills workshops with the course and presents results that underscore the importance of formally cultivating research and information skills in civil engineering undergraduate students.
Introduction
A Civil Engineering Systems course ͑CEE 3000͒, introduced in 1999 as a required course in the civil and environmental engineering ͑CEE͒ undergraduate curriculum at the Georgia Institute of Technology, serves as the introductory course to sustainable development issues in the curriculum. A primary intent of this course is to introduce students to sustainable development issues in the civil engineering profession. A focused and more comprehensive discussion on the course content may be found in Meyer and Jacobs ͑2000͒ and Amekudzi and Meyer ͑2004͒. Since the course was first introduced, the instructors have continuously refined its content and improved its rigor, primarily as a reflection of advances in the field of sustainable engineering and also as part of the general process of improving and fine tuning courses over time. This initiative is one example of several around the world to incorporate sustainability effectively into higher education ͑see, for example, Association for the Advancement of Sustainability in Higher Education; Posch and Scholz 2006͒. This paper discusses course developments to cultivate student research and information skills. These activities were the result of a voluntary collaboration between the course instructors and the civil engineering librarian and have resulted in improvements that are relevant to the ASCE 2025 vision. The intent of this paper is to share the results of this collaborative effort with other instructors who may be interested in adding value to their systemssustainability courses through formally cultivating information and research skills in their students. In the sections below, we discuss the Civil Engineering Systems course project and the research and information skills workshops. We then present data to assess the benefits and lessons learned from these workshops, as well as their overall significance to educating the civil engineer of the future. A vision for the civil engineer of the future is described by the ASCE body of knowledge ͑BOK2͒ for the 21st century ͑ASCE 2008͒ and the ASCE vision for civil engineering in 2025 ͑ASCE 2007͒.
Civil Engineering Systems Course

Key Features
The Civil Engineering Systems course is part of a broader sustainability initiative at the Georgia Institute of Technology ͑Meyer and Jacobs 2000͒. The course was developed and first offered in 1999 as the introductory course to sustainable development concepts in the CEE curriculum. This course introduces students to a sustainable engineering approach for planning, design, implementation, operation, and renewal of civil engineering systems. The concept of sustainability is introduced as the operating paradigm for making decisions over the life cycle of civil engineered facilities. Sustainability is concerned with continued progress and development of human communities while ensuring preservation of the natural and human environment to enable such development to continue indefinitely. ASCE adopted the following definition of sustainable development in 1996: "sustainable development is the challenge of meeting human needs for resources, industrial prod-ucts, energy, food, transportation, shelter, and effective waste management while conserving the environmental quality and the natural resource base essential for future development" ͑ASCE 1996͒. Several other definitions also include the element of social quality of life, including equity ͓see, for example, World Commission on Environment and Development ͑WCED͒, United Nations ͑1987͔͒. The systems approach is introduced as an essential foundation for sustainable engineering, influencing how problems are defined; how analysis tools are used to evaluate the performance of facilities and services; how benefits, costs, and risks are incorporated into decision making; how the natural environment and social equity are considered; and how facilities are operated and maintained after implementation and renewed at the end of their useful lives.
Communication Skills
A critical feature of this course is to develop basic skills in engineering communication. The School of Civil and Environmental Engineering hired a communications expert ͑with a Ph.D. in English͒ to develop course content on engineering communication that would be offered within the scope of the course materials. In CEE 3000, this material includes lectures on written, visual, and oral communications that are assessed with homework and project assignments. All assignments in the course are partially graded on the student's ability to communicate effectively. The instructors have found that having a communications expert teach and assess the principles of communication within the engineering course content tends to elevate the importance that the students give to the communications requirements of the course. This is in contrast to a prior model where students fulfilled their communications requirements from an outside school or department. Students have several opportunities to demonstrate individually the communication skills cultivated within the course ͑i.e., through several assignments tailored to written and visual communications͒ and at the end of the semester through a 20-page written report and an oral presentation representing a team effort.
Course Project
A term project is a major component of the course, requiring students to select a large-scale civil-engineered facility and evaluate it using the integrated sustainability framework presented in the course. Large-scale projects such as the Boston Central Artery Tunnel, Metro Atlanta's Hartsfield-Jackson Airport, the Three Gorges Dam ͑China͒, and the Dutch River Flood Control System have been examined. In recent semesters, the project has entailed conducting a comparative systems analysis between two largescale facilities in order to determine which system is superior from a sustainability perspective. The students' framework must incorporate an interdisciplinary perspective that includes the technical, economic, environmental, and sociopolitical aspects of the project. It must also include a life cycle perspective of the project and focus on the interaction of the project with its larger natural and human environments. The students are expected to apply the tools they have learned in the course to examine each facility, system or service, and when a comparative analysis is required-to identify appropriate measures of performance for comparing the selected systems. Tables 1 and 2 show the questions and outline provided to guide the systems analysis and examples of project topics selected in the past. The comparative systems analysis emphasizes careful thought and the selection of performance measures that can be used to compare the sustainable performance of the systems being evaluated. Systems are compared along the lines of their functional performance, environmental impacts, benefits and costs, social impacts, and political influences where such data are available.
The instructors emphasize that students must select functionally similar facilities to enable them to properly apply the principles taught at this level in the curriculum, e.g., port versus port, tunnel versus tunnel, dam versus dam, etc. Among other places, project ideas have been found by looking for projects that have been featured on the ASCE's Outstanding Civil Engineering Awards, National Geographic Channel's Megastructures series, the History Channel's Modern Marvels, and Discovery Channel's Extreme Engineering series-all available on the Web.
Library Information and Research Skills
Over the past four semesters, the course instructors have worked with the CEE subject librarian to develop formal steps to improve the students' basic library information and research skills-both manual and electronic. As part of this effort, a workshop was developed on the basics of library information and research skills and offered as part of the course. The intent of the workshop was to develop the quality, range, and balance of information sources used by the students. It was also to enhance their skills for identifying good quality information for their projects. The sections below discuss the research and information skills workshop and the impacts of the workshop on the quality of the course project. • Hurricane evacuation of a coastal city 2. What are the basic functional characteristics of the object being studied?
• Transportation systems including roads, public transit, airports, and ports • Water treatment and distribution for a city or region 3. What are the linkages or relationships between the system/ facility and the broader environment and community?
• Wastewater treatment • Regional, city, or campus waste management 4. What analysis tools/models could be used to assess the performance of your facility/system?
• Building heat and ventilation systems • River conservation 5. What strategies or actions could be taken to make the system more sustainable?
• Electric power generation • Interstate water conflicts 6. What are the benefits and costs of the proposed improvements to the system?
• Landscape irrigation • Airport security from a systems perspective
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Research and Information Skills Workshop
Motivation for Research and Information Skills Workshop
The CEE librarian began working with the CEE 3000 course instructors in spring 2006 and this collaboration has continued through four subsequent semesters. By examining the project reports for the same course from previous semesters, the librarian noticed that some of the students lacked basic knowledge of where to find scholarly publications or how to use them. The references used in some of the reports showed significant amounts of information obtained directly from the internet while scholarly articles were less cited. Thus, there was a need for students to learn about the major information sources for scholarly publications, technical reports, government documents, statistical data, and various types of materials in order to improve the quality of their projects. There was also a need for students to learn how to evaluate information from the internet and use it wisely. In addition, since the majority of the library information courses for engineering at the Georgia Tech Library are offered at the graduate level, a gap needed to be filled for students reaching their junior and senior years who were involved in research, in particular, relating to their information gathering and research skills. A workshop, specifically associated with the Civil Engineering Systems course, was developed to address these and related needs.
Goals, Content, and Delivery of the Workshop
The goals of this workshop were to help students in the course gain the knowledge and skill sets on information structure, access, and integration, summarized in Information literacy forms the basis for life-long learning. It enables learners to master content and extend their investigations, become more self-directed, and assume greater control over their own learning. Information literacy is highly important for students in science and engineering disciplines who must access a wide variety of information sources and formats that carry the body of knowledge in their fields. In content design, the librarian integrated these standards into the workshop and focused on resources, search strategies, and useful tools. A 2001 research article determined that library information instruction for undergraduates should go beyond basic instruction emphasizing similarities among resources. The instruction should emphasize more complex understanding and subject-specific resources in all formats ͑Bracke and Critz 2001͒. In order for students to understand how to approach their projects, the CEE subject librarian demonstrated an example of a previous project and explained to the students what types of information sources are useful, what search strategies produce relevant information retrieval, how to evaluate the information gathered, and where to locate full text documents. It is not uncommon that when under time pressure, students tend to use one source or run a random search and are contented with whatever is easily ob- tained. This method may work for certain types of class assignments but not for a comprehensive project analysis report. Another reason why students may not use a variety of resources for their project research is the lack of awareness of what is available to them and/or how to select or use the resources. The Georgia Tech Library subscribes to over 240 databases that index scholarly journals, conference proceedings, and technical reports plus about 39,000 e-journals, 2.72 million technical reports, and over 29,000 e-books ͑Georgia Institute of Technology Library 2007͒. The majority of these resources are focused on engineering due to the dominant position of engineering at Georgia Tech. In recent years, a significant amount of resources have been added to support teaching and research beyond engineering disciplines. Due to the multidisciplinary nature of their project requirements, it is necessary for the students to use engineering-related databases to find technical details for their projects and also to locate information from social, economic, environmental, and public policy domains. For instance, the librarian focused on the most important resources for students' projects, including the ASCE Civil Engineering Database, Compendex ͑engineering index͒, Environmental Science and Pollution Management, National Technical Information Service, Transportation Research Information Service online, Web of Science, Lexis-Nexis, and several others. Depending on the projects, the students would most likely select the ones that were most useful for their topics.
As part of the workshop, the librarian asked the students to think about what kind of information would be needed for different aspects of their research and to decide what databases to search. Each database has its own features and oftentimes students transfer their internet searching habits to these databaseswith a tendency to give up if they do not immediately get what they want. The librarian introduced the database thesaurus or controlled vocabulary in relevant databases and distributed a searching tips comparison sheet to help students identify different features, such as Boolean operators, truncations, refining searches, combining searches, saving search strategies, and downloading citations.
In the project description, the instructors asked students to obtain the environmental impact statement ͑EIS͒ for the subject topic ͑if relevant͒, a typically valuable source of information for the project. No one source exists for all EIS documents. Students learned at the workshop how to search different resources and track the documents down. In one example, a student group was working on the Seven Oaks Dam water conservation project and they had tried all the possible sources for the EIS document and finally found one library in the United States. holding this item which was willing to loan it. With the help of the CEE librarian collaborating with the library's information delivery department, they were able to request the document through interlibrary loan and use it in their project analysis. Support from departments within the Georgia Tech Library has made an EIS documents digitization project possible, which will benefit future CEE 3000 students.
Students learned through hands-on exercises not only how to locate books within the Georgia Tech Library collection but also how to locate and request items that were within the university system of Georgia libraries or elsewhere. Some students learned to track down specific agencies/corporations that were involved in the design or feasibility studies of the civil engineering projects being considered in order to seek additional information. These exercises provided students with opportunities to explore various channels to obtain valuable information for their research and at the same time enabled them to experience real situations when pursuing important but difficult-to-find information.
The librarian also discussed internet evaluation criteria and tools at the workshop, emphasizing authority, reliability, currency, and overall integrity. Through the examples given and by asking questions, students were able to identify what information was trustworthy and could be applied to their projects. Students also paid attention to intellectual rights issues, asking question about what could be used without copyright problems.
Each student who came to the workshop received an information packet relevant to their research. To help the students navigate through the value-added information, the librarian created a Web site that listed useful resources, including related reference books, major databases, and their searching tips; important government agency Web sites, statistical sources, internet evaluation tools, links to tutorials on using EndNote, a citation management tool, citation style guides, as well as the Regents Guide to Understanding Copyright & Educational Fair Use ͑2007͒ from the university system of Georgia. A brief description is provided under each resource to assist students in the selection process. Students particularly liked the Web site and found it helpful for their research. Using internet evaluation criteria, students considered the coverage and currency of Web sites and gained a better sense of how to determine which resources are authoritative and reliable and what information is pertinent to their project topics.
The workshop was designed to last for an hour and a half. It was held soon after the project groups were formed, the project topics were chosen and the students had begun to gather information for their research topics. It was scheduled in a classroom with 35 computers so that students had the opportunity for hands-on exercises during the session. The instructors asked students to register with the librarian before the workshop and it was recommended that at least one member from each group attend the workshop. In some cases all students from the same group attended the workshop. The lecture and demonstration took about an hour and the students had about 30 min to do hands-on exercises and to ask specific questions. The instructors encouraged the students to conduct searches for their projects during the workshop. Follow-up sessions with the librarian for individuals or groups were scheduled at the request of students. In those follow-up sessions, students came in with specific problems or questions related to using the resources or locating particular items. They typically showed more understanding or efficiency in using many information resources. Similar workshops were also delivered to CEE 3000 students at a remote campus-Georgia Tech Savannah-through the internet using Wimba, a distance learning software.
Evaluation of the Workshop
The evaluation of the workshop was based on the following inputs: ͑1͒ a survey administered immediately after the workshop ͑see Table 4͒ and ͑2͒ informal feedback from the students. The majority of the students reacted favorably to the workshop and commented that it was helpful for them in identifying valuable information resources and how to use them effectively. Among those who participated in the surveys after the workshops, all agreed, with 64% strongly agreeing, that the workshop provided them with enough valuable information to begin to research their projects. A total of 91% felt strongly that the workshop taught them the necessary information skills to conduct research using library resources. Depending on their library use experience and information search skills, some students found certain resources or services were particularly helpful, such as the GIL Catalog ͑Georgia Tech Library's catalog͒, GIL-Universal Catalog ͑the university system of Georgia's union catalog͒, ILLiad ͑interlibrary loan service͒, e-journals, Lexis-Nexis, Web of Science, JSTOR, and more. Many of the students were pleased to learn about multidatabase searching features, especially searching tips for various interfaces. A total of 68% of the students said that they had enough time to do the hands-on exercises and to explore the information resources for their projects. A total of 22 students filled out the feedback survey ͑Table 4͒.
The surveys also provided students with opportunities to comment on the workshop, in general, and to make recommendations for future workshops. While the majority of respondents recommended keeping the workshop as it was, some students suggested changes. One student, working on an international project, wanted to see more international resources added to the list. Another student mentioned that he would like to see more time spent on search strategies for a particular database. In terms of the space and facility, there were two divergent views. One was that the classroom should be larger with more computers and another was that smaller classrooms with more sessions would facilitate more interaction with the instructor. The comments were used to refine the workshop content and structure for improved information research workshops in the future.
Workshop Outcomes through the Assessment of Project References
In order to determine how well the research and information skills workshops have helped students in their projects for the course, the instructors compared the quality, range, and balance of the references used in project reports by students over various semesters to assess differences before and after the workshop was implemented. In addition, the instructors have included a statement in the course syllabus indicating that term projects will be evaluated on the quality ͑i.e., how authoritative is the source?͒, range ͑i.e., to what extent is the information from a variety of sources, e.g., academic journals versus books versus trade magazines?͒ and balance ͑i.e., is there an appropriate balance of online and offline resources?͒ of information sources used in the project.
While many students claimed that they had learned from the workshops where and how to locate value-added information for their projects, the instructors wanted to determine how this learning had been reflected in their reports. Looking at the references in student reports prior to the workshop, only 2% of the references were found to be from scholarly journals. After the workshop, this percentage increased to around 12% ͑11% in spring 2006 and 12% in fall 2006, spring 2007, and fall 2007͒ . This is the result of students using more library databases to search, select, and use scholarly journal articles when doing their project research.
The changes become clearer when data from two specific semesters are compared. For example, in spring 2005, on average, the references from government documents, technical reports, and scholarly journals constituted 16% of the overall references. After the workshop, this percentage almost doubled to 31%. In subsequent semesters, the instructors have seen a steady increase in the use of government documents in the students' reports. Part of the reason could be that more government documents are being made available on the Web. The students however did show their knowledge in evaluating Web sites and making conscious choices about which reports to use.
Lessons Learned
Through the research and information skills workshops, students in the Civil Engineering Systems course have gained valuable knowledge and skills to use in their research projects and beyond the course. Over this period, some lessons have been learned as well. For instance, ͑1͒ students are eager to learn where and how to find scholarly or authoritative information if opportunities are provided for them; ͑2͒ students pay particular attention to research and information skills if instructors/professors elevate and emphasize their importance in the class syllabus; ͑3͒ as the research and information skills workshop is integrated into the course curriculum, the workshop facility needs to evolve to accommodate better the increasing class size; ͑4͒ To benefit every student, it would be helpful for some students, especially transfer students, to attend a library basics introductory class before coming to the course-specific information workshop; and ͑5͒ since this is only a one-and-a-half-hour session, there is considerable information that cannot be covered during the workshop. While it is not possible to evaluate every aspect of the students' learning outcomes based on the ACRL standards, it will be helpful to add other measures to evaluate students' information skills as we develop future workshops.
Professional Issues
In addition to being technically proficient, ASCE's civil engineer of 2025 will have a broad range of skills to enable them to lead effectively in domestic and international environments. The skills for civil engineers articulated in ASCE's vision for civil engineering in 2025 include leadership in policy discussions shaping infrastructure and the natural environment, environmental stewardship, effective communication, innovators, integrators of ideas and technology across the public, private, and academic sectors, and risk management. The fullness of civil engineering curricular in many programs means that institutions of higher learning and practice organizations will have to develop strategies to educate the civil engineering student more holistically without losing the depth of the technical content required for them to function as proficient engineers. This means that educators and practitioners will most likely share in the responsibility for educating future civil engineers to make them more globally competitive. As the vision articulates, "Educating future civil engineers is an essential component of the vision for the civil engineering profession in 2025. The ASCE BOK2 aligns closely with the vision in defining a body of knowledge that goes beyond technical requirements to include communication, globalization, teamwork, professional and ethical responsibility, and life-long learning. Realizing this vision will require a broader range of knowledge, skills, and attitudes underscoring curriculum reform today. Colleges and universities must examine their curricula with an eye to the future so that advances can be made in realizing the vision. In the United States, ABET Inc. would be a key partner in this area. Similarly, experienced engineers should coach and mentor younger engineers to enhance the knowledge, skills, and attitudes acquired by the latter as part of their formal education." The instructors believe that part of the responsibility in this joint education effort also falls on the students themselves. In order to become the engineers described in the vision, it is imperative that today's engineering students acquire the skill of continuous or life-long learning. The instructors believe that equipping and enhancing the research and information skills of undergraduate civil engineering students is one way to contribute to cultivating their life-long learning skills.
Summary
This paper presents information on an initiative to teach students improve library research and information skills through a systems-sustainability course, initiated by voluntary collaboration between the course instructors and the CEE subject librarian at Georgia Institute of Technology. The Civil Engineering Systems course ͑CEE 3000͒ is offered as a required course in the undergraduate CEE curriculum at Georgia Tech to introduce students to a systems-sustainability paradigm for making decisions on projects throughout their life cycles. As part of the course, the students work in teams of four to evaluate a large-scale civilengineered system of their choice over the course of the semester. In recent semesters, the course project has involved conducting a comparative systems analysis of two large-scale facilities to determine the superior system from a sustainability perspective. Beginning in spring 2006, the instructors have collaborated with the CEE librarian to develop and offer a workshop to enhance the students' library research and information skills. The workshop was offered to expose students to a range of information databases and other library resources with which they might not be familiar. It was also designed to give them search strategies for identifying different types of resources. Both direct and indirect assessments of the workshop indicate that they have been valuable in refining the students' abilities to identify high quality sources of information, locate relatively difficult-to-find materials, increasing the percentage of scholarly materials used by the students in their project reports, and increasing the students' awareness of the importance of information quality and appropriate uses of information in the development of successful research reports. In the broader professional context of the future of civil engineering, the instructors believe that expanding the education of students to formally include improved information and research skills gives them access to tools that inevitably make them more competitive and enable them to become life-long learnersmuch valued qualities for the engineer of 2025.
